The structural dynamics of a HJ, if measured at the single-molecule level at tens of milliseconds time resolution, follows a two-state kinetics effectively:
where I denotes conf-I and II denotes conf-II (see also Figure 1 , which represent the time-averaged single-molecule rates of I → II and II → I transitions respectively, are:
B. Apo-CueR and HJC2 interactions
The kinetic mechanism of apo-CueR interactions with HJC2 is shown in Figure 5A . The kinetic processes happening during τ I are the following kinetic steps: 
I II
The corresponding single-molecule rate equations are:
s are the probabilities of finding HJC2 in the corresponding states at time t and k's are the rate constants for the transitions. At the on-set of each I τ , i.e., right after a II → I transition, the first state that HJC2 reaches is I; so the initial conditions for solving the above differential equations are:
, where t = 0 being the on-set of each I τ . And at
We can then evaluate the probability density function of I τ ,
. The probability of finding a particularτ is
, which is equal to the probability for HJC2 to switch from I to II between τ and τ τ Δ
using equations B1-B3 by Laplace transform, the probability density function of I τ is: 
is the dissociation constant for the apo-CueR−conf-I complex. This equation is given as Eq. 1 in the main text.
The kinetic processes happening during τ II are the following kinetic steps:
The initial conditions for solving above equations are:
. And at any time,
. Similarly,
Using equations B4-B7 to solve for ) (
. This equation is given as Eq 2 in the main text.
C. Holo-CueR and HJC2 interactions.
The kinetic mechanism for holo-CueR−HJC2 interactions is shown in Figure 5B 
II
The initial conditions are 1 ) 0 ( 
. This equation is given as Eq. 3 in the main text.
The kinetic processes happening during τ II are: The corresponding single-molecule rate equations are:
Using equations C4-C7 to solve for ) ( I τ P , we can obtain ) ( Figure S4 . Fluorescence anisotropy experiment on Cy-3 labeled double-strand DNA containing only half of the dyad-symmetric sequence (5'-TGACCTTCCCCTTGCTTGGCTTGTT-3', the half sequence is underlined) titrated with apo-CueR. The solid line is the fit using Eq. 5 which gave a K D ~ 0.7 μM. Figure S6 . Fluorescence anisotropy experiment on Cy3-labeled HJC2 titrated with apo-CueR. The solid line is the fit using Eq. 5 giving a K D ~ 0.5 μM which is in between the affinity of apo-CueR to conf-I and to conf-II of HJC2 determined from single-molecule measurements.
